Differences in the incidence of prostate cancer (CaP) amongst different migrant populations point to causative agents of dietary and/or environmental origin. Prostate tissues were obtained following transurethral resection of the prostate (TURP) or radical retropubic prostatectomy. After surgery, TURP-derived or tumour-adjacent tissue fragments were minced in warm PFMR-4A medium (37 C) and suspensions pipetted into collagen-coated petri dishes. Non-adherent material was removed by washing with fresh medium after 12 h. Adhered cells subsequently reacted positively with monoclonal antibodies to prostate specific antigen (PSA). PSA was also detected in the medium. The genotoxicities of the chemical carcinogens 2-amino-1-methyl-6-phenylimidazo[4,5-b] pyridine (PhIP), its N-hydroxy metabolite (N-OH-PhIP) and benzo[a]pyrene (B[a]P) in adherent cell populations from different donors (n ¼ 8) were examined. Cells were treated in suspension for 30 min at 37 C in the presence of the DNA repair inhibitors hydroxyurea (HU) and cytosine arabinoside (ara-C). DNA single-strand breaks were detected in cells by the alkaline single cell-gel electrophoresis ('Comet') assay and quantified by measuring comet tail length (CTL) in mm. All three carcinogens induced dose-related increases in CTLs (P < 0.0001) in cells from four donors 24 h post-seeding. However, in cells from a further two donors the genotoxic effects of PhIP, N-OH-PhIP and B[a]P were much less apparent after 48 h than after 24 h in culture. After 96 h in culture, cells from these donors appeared to be resistant to the comet-forming activity of the compounds. However, B[a]P-DNA adducts were still measurable by 32 P-postlabelling for up to 14 days following a 24-h exposure to 50 mM B[a]P in adhered cells from another two donors. This study shows that primary cultures of cells derived from the prostate can activate members of two classes of chemical carcinogens. Further development may provide a robust model system in which to investigate the aetiology of CaP.
Introduction
The prostate is a gland of the male genitourinary tract whose main function appears to be the supplementation of seminal fluid. 1 Pathological abnormalities occur more frequently within this gland than anywhere else in the human male; 2 changes that occur with increasing age include benign prostatic hyperplasia (BPH), which tends to occur in the transition zone, and adenocarcinoma, which arises mainly in the peripheral zone. 2 Although prostate cancer (CaP) is the second most common cause of cancer mortality in men in the UK and in the USA, 3, 4 the mortality rate from CaP in Japan is only ranked 11 th amongst all types of cancer. 5 Incidence amongst Japanese/Chinese migrants to the USA rises over time to match more closely that of the host population. 6 -9 Thus, CaP is characterised by marked ethnic differences in incidence 10 and in world wide distribution. 11 Inheritance of susceptibility genes does not appear to account for more than a small proportion of cases. 12 Ageing is the most significant risk factor identified to date 13 and, although the World Health Organization lists meat and animal fat intake as other risk factors, 14 the aetiology of CaP is still poorly understood.
Heterocyclic aromatic amines (HAAs), including 2-amino-1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP), 15 are formed when protein-rich foods are cooked at high temperatures and PhIP is a rodent prostate carcinogen. 16 There is evidence that cytochrome P-450 isoenzyme CYP1A2 metabolically activates HAAs via oxidation of the exocyclic amino group to give rise to the N-hydroxy (N-OH) metabolites 17 and that subsequent conjugating reactions such as acetylation or sulfation 17, 18 yield DNAreactive electrophiles. In the major covalent DNA adducts formed from HAAs following metabolic activation, the C8 position of guanine is linked to the exocyclic nitrogen. 19, 20 Polycyclic aromatic hydrocarbons (PAHs) such as benzo[a]pyrene (B[a]P) are also present in cooked meats and are formed by the pyrolysis of fat. 15 Intra-prostatic injections of B[a]P have induced malignancies in this gland in rodents. 21 B[a]P can be metabolically activated via a combination of CYP enzymes and epoxide hydrolase, and the ultimate reactive metabolites are dihydrodiol epoxides. 22 Previous studies have shown that prostate tissues express mRNA transcripts both for the CYP enzymes required for hydroxylation 23 and for conjugating enzymes such as N-acetyltransferase (NAT). 24 However, appropriate in vitro models in which to examine initiating and promoting events in human prostate are required. In the present pilot study, we obtained prostate tissues from eight donors following transurethral resection of the prostate (TURP) or radical retropubic prostatectomy. Primary cultures of cells derived from these prostate tissues were then examined for their abilities to metabolically activate PhIP, N-OH-PhIP or B[a]P in vitro.
Materials and methods

Chemicals and media
PhIP and N-OH-PhIP were obtained from Toronto Research Chemicals, Canada. Unless otherwise stated, other chemicals were obtained from the Sigma Chemical Company (Poole, UK).
Stock solutions of PFMR-4A medium were formulated as described by Peehl, 1 sterilized and stored at 4 C. To 1 l of sterile PFMR-4A the following amounts of sterile stock solutions were added: 0.1 ml of epidermal growth factor (100 mg/ml), 0.1 ml of cholera toxin (100 mg/ml), 0.714 ml of pituitary extract (14 mg/ml), 1 ml of insulin (4 mg/ml), 2.5 ml of gentamicin (40 mg/ml), 0.1 ml of hydrocortisone (10 mg/ml in 100% EtOH), 1 ml of phosphoenthanolamine (0.1 M), 0.1 ml of selenous acid (3 6 10 74 M), 0.1 ml of a-tocopherol (2.3 6 10 72 M in DMSO), and 0.1 ml of retinoic acid (3 6 10 77 M in DMSO). Complete medium was stored for up to one week at 4 C.
Prostate tissues
Adult human prostate tissue was obtained either as TURP-derived samples (from patients undergoing surgery for outflow obstruction due to BPH) or as uninvolved tissue from radical prostatectomies carried out for the removal of localised CaP. Resection in all cases was performed as part of normal clinical practice. After radical prostatectomy, macroscopically-benign tissue from the transitional zone was excised by a pathologist. Transurethral prostatectomy was carried out using an Olympus 27 Ch resectoscope with continuous balanced irrigation of the bladder using aqueous glycine (1.5% w/v) and resection was by pure cut diathermy using a Valleylab Force 2 generator at 165 W pure cutting current. Samples were numbered HP1-HP8 and were immediately placed in cold HEPES-buffered saline (HBS) (pH 7.6) in sterile vessels. 1 A sliver from each sample was removed to confirm the histology by conventional light microscopy. Tissues were processed for cell culture within 4 h of resection.
Preparation of primary cultures
Tissues were transferred to sterile vessels containing growth medium (medium PFMR-4A, 37 C) and finely chopped using scissors. Suspensions containing tissue fragments were then pipetted onto collagen (Type IV)-coated petri dishes (35 mm), incubated at 37 C in 95% air/5% CO 2 in a humidified incubator in PFMR-4A (10 ml) medium, and after 12 h non-adherent material was removed by washing with fresh medium. The medium was supplemented once weekly by discarding 5 ml of old medium and adding 5 ml of fresh medium.
Characterisation of prostate cells in culture
An antibody to prostate specific antigen (PSA) was employed to examine cells adhered to collagen-coated petri dishes in order to determine if they were epithelial in origin. Medium was aspirated and the dishes were gently washed with saline (Dulbecco's phosphate buffered saline A; PBSA). Duplicate dishes were exposed to anti-human PSA monoclonal antibody (HEA 125; Serotec, UK) for 10 min at 4 C, before washing again with saline. A secondary anti-human rabbit antibody conjugated to fluorescein isothiocyanate (FITC) was then added and the incubation was continued for a further 10 min at 4 C. After re-washing with PBSA, cells were examined immediately by fluorescence microscopy. For comparison, a control culture was included which had not been treated with primary antibody.
Total PSA (ng/ml) present in the media in which prostate cells had been cultured was measured using the Bayer Immuno 1 analyser (Bayer Diagnostics, Newbury, UK).
Treatment of cells
Adhered cells, harvested into medium by scraping, were centrifuged and the pellets suspended in 1 ml of fresh medium. Aliquots of otherwise untreated prostate cells were incubated in the presence or absence of hydroxyurea (HU) and cytosine arabinoside (ara-C) (10 mM/1.8 mM final concentration, respectively) at 37 C for 30 min. 25 Cultured cells were also treated with a test chemical, added as a solution in DMSO (maximum concentration 5% v/v), in the presence or absence of HU/ara-C.
The alkaline single cell-gel electrophoresis ('Comet') assay
In order to detect DNA single-strand breaks in these cells, alkaline lysis followed by alkaline gel electrophoresis was employed. 25, 26 Following incubation, cells were embedded in an agarose sandwich on fully frosted microscope slides (Curtin Matheson Scientific, Houston, TX) on a cold surface. Slides were submerged in lysis solution at 4 C (2.5 M NaCl, 100 mM EDTA disodium salt, 10 mM Tris, 1% Triton X-100 and 10% DMSO), protected from light and kept at 4 C for at least 1 h. Under red light, slides were transferred to a horizontal electrophoresis tank, covered in electrophoresis solution (0.3 M NaOH, 1 mM EDTA, freshly prepared and assumed to be pH > 13), and stored in a chilled incubator at 10 C for 40 min to allow unwinding of the DNA before electrophoresis at 0.8 V/cm and 300 mA for 36 min. After electrophoresis, slides were neutralized (Tris, 0.5 M, pH 7.5), stained with aqueous ethidium bromide (20 ng/ml) and comet tail length (CTL) visualized by epifluorescence using a Leitz Laborlux S microscope. A total of 50 digitized images/data point, 25 from each of two duplicate slides, was measured. CTLs were compared using a Mann -Whitney test.
P-Postlabelling analysis
DNA isolated from primary cultures of prostate cells adhered to culture dishes was subjected to 32 P-postlabelling analysis (4 mg per sample, 1 6 10 6 cells) using the nuclease P1 digestion method of sensitivity enhancement 27 Solvents for chromatography of the labelled digests on polyethyleneiminecellulose TLC plates were: D1, 1.0 M phosphate, pH 6.0; D2, 2.5 M ammonium formate, pH 3.5; D3, 3.5 M lithium formate, 8.5 M urea, pH 3.5; D4, 0.8 M lithium chloride,
radioactivity using an InstantImager (Canberra Packard, Pangbourne, UK). Relative levels of DNA modification were calculated from the levels of radioactivity in the DNA adduct spots detected on the post- 
Results
PSA is secreted by prostate epithelial cells (PECs)
. Analysis revealed quite marked variations in PSA concentrations (ng/ml) in the culture media in which cells from different donors had been incubated (Table 1) . At 24 h post-seeding (ie 12 h after removal of non-adherent material), the culture media from cells from donors HP1 -HP6 contained PSA concentrations that ranged from 1.18 to > 100 ng/ml. In addition, media obtained from different cultures of cells from the same donor (HP3) were found to contain PSA for up to 96-h post-seeding although the concentration present decreased. Further work is required to determine whether this decrease is due to medium changes diluting the PSA content of medium, whether PSA is labile in medium incubated at 37 C or whether a decrease in secretion of PSA into the medium over time is being observed. Duplicate sets of dishes from a further two donors (HP7 and HP8) were examined by immunohistochemistry using an anti-human PSA monoclonal antibody. These analyses revealed the presence of adhered cells that stained positive for PSA in these dishes for up to 96-h post-seeding. The growth medium PFMR-4A is optimized specifically for the growth of PECs and to exclude potential contamination with other cell types such as fibroblasts. 1 After cells in different cultures and at the times indicated had been exposed to B[a]P (50 mM) for 24 h, B[a]P-DNA adducts were detected and quantified by 32 P-postlabelling. Figure 1A Table 2 shows that dose-related increases in CTL following incubation with these carcinogens were also detected in PECs obtained from tissues from two other donors (HP4 and HP6).
When the abilities of adhered cells cultured for different times (24 h, 48 h and 96 h) to activate PhIP (200.0 mM), N-OH-PhIP (1.0 mM) or B[a]P (90.0 mM) were examined, the data shown in Figure 5 were obtained. Cultures were isolated from TURP-derived tissues from donors HP7 and HP8. After 24 h, both preparations were clearly capable of activating PhIP, N-OH-PhIP and B[a]P. Cells from HP7 appeared to activate either PhIP or N-OH-PhIP more effectively whereas those from donor HP8 appeared to activate B[a]P more effectively. After 48 h in culture, reductions in comet-forming activity were observed although N-OH-PhIP was still very active in cells from HP7 and B[a]P remained active in cells from HP8. However, after 96 h in culture cells from both HP7 and HP8 had either lost the ability to activate carcinogen to comet-forming metabolites or had acquired a resistance to their DNA-damaging effects.
Discussion
Genotoxins of environmental and/or dietary origin probably play a role in the aetiology of human cancer 28 but many of the major causative factors remain unidentified. 29 Consumption of a Western diet, including cooked meats, results in exposure to mutagens such as HAAs 15 and PAHs. 30 One of the most abundantly generated HAAs is PhIP, which is more potent than other HAAs in the Comet assay. The comet-forming activities of HAAs correlate better with their potency in inducing the morphological transformation of C3H/M2 mouse fibroblasts, in an in vitro assay, than they do with bacterial mutagenicity. 31 Increased PAH exposure amongst certain population groups also seems to confer an increased risk of CaP. 32 -34 Whilst some rodent models of CaP exist, 35 as yet little effort has been directed at developing systems in which to investigate human prostatic carcinogenesis.
Cells of the prostate possess the metabolic machinery necessary to enable them to activate known carcinogens. F344 rats that had received 400 ppm of PhIP in the diet for 52 weeks were found to have developed prostate carcinomas that were limited to the ventral lobe in 18 out of 27 animals. 16 Expression of mRNA transcripts for phase Iactivating enzymes such as CYP1A2, CYP1A1 and CYP1B1 in human prostate tissues has been demonstrated. 23 mRNA transcripts for phase II-conjugating enzymes such as NAT1 and NAT2 are expressed in human prostate epithelium, 24 and SULT2B1 mRNA transcripts have also been detected in human prostate. 36 Thus the human prostate may well be a target for carcinogens that require metabolic activation.
The prostate gland is heterogeneous with fibromuscular stroma and connective tissue surrounding the glandular/ secretary components. It is generally accepted that two epithelial cell types, luminal and basal, make up the secretary acini of the prostate gland 37 and it is from these epithelial cell populations that adenocarcinomas commonly arise. The cells of the glandular ductal system of the prostate regulate the secretion of PSA, a serine protease, into the seminal fluid. In the present experiments, the observation that the cell cultures secreted PSA indicates that the adhered cells are epithelial in nature. 38 However, it is not yet clear whether the marked variations in PSA concentrations observed in the culture media (Table 1 ) are related to variations in cell numbers or cell type.
Human tissues from large cohorts of men are available from prostatectomy procedures. By mincing the tissues and by not employing collagenase digestion, we have obtained primary cultures of prostate cells capable of surviving in culture. At 24 h post-seeding, these cells possessed a drug-metabolizing capability as evidenced by B[a]P-DNA adduct formation (Figures 1 and 2) . Adhered prostate cells at 24 h post-seeding appeared to be quite sensitive to the comet-forming effects of the test agents used (Figures 3 and 4, Table 1 ). Other metabolically-competent cell lines and primary cultures of human breast epithelial cells appear to be much less sensitive to the comet-forming activities of these chemical carcinogens. 25, 26, 29, 39 Carcinogens can induce DNA damage in primary cultures of prostate cells. 40 The metabolic capacity of prostate cells appears to decrease with increasing time in culture (Figures 2 and 5 ). This may be due to the absence of systemic factors to which prostate cells are normally exposed in vivo and which act as enzyme inducers. Further work will be required in order to determine the underlying mechanism. However, even after 14 days in culture, exposure to 50 mM B[a]P for 24 h prior induced some DNA adduct formation, possibly as a result of the enzyme-inducing effects of this PAH. As yet no factors that may induce the differential responses that distinguish normal prostate cells from BPH cells or cancer cells have been noted. 1 Growth of PECs is not stimulated by androgens in vitro 1 although anti-androgen intervention inhibits the growth of adenocarcinomas in vivo. 13 Identification of such factors and their incorporation into culture medium could generate a more robust in vitro model.
In summary, this study demonstrates the ability of prostate cells to activate genotoxins in vitro. The results lend support to the hypothesis that environmental and/ or dietary factors may play a significant causal role in the aetiology of CaP. 6, 42 Future work could be directed at attempting to identify individuals at high risk and to developing strategies aimed at reducing lifetime exposure to such dietary and/or environmental carcinogens.
